Like other pentatomids, the rice stink bug, Oebalus pugnax (F.) (Hemiptera: Pentatomidae), places its eggs in clusters on plants. Each cluster consists of two rows, the eggs being in contact but those of one row alternate in position with the other row (Garman 1891) . The chorion is transparent, permitting the observer to see the color of egg contents (Esselbaugh 1946) . Thus, freshly deposited eggs have been described to have a pale green color (Garman 1891 ) but develop a reddish tinge before hatch (Ingram 1927) . The red markings show up as the embryo develops and takes the form of the letter "W" when viewed through the operculum (Esselbaugh 1946) . The length of the egg stage has been observed to be 3 d in hot weather and 11 d in cool weather, but most hatch in 4 to 5 d (Ingram 1927) . Another estimate of the duration of the egg stage from Esselbaugh (1948) was between 4 and 8 d, with an average of 5.2 d at indoor ambient temperatures. None of these observations correlated any color changes of eggs with developmental changes of the embryos.
Because temperature affects the rate of embryonic development, the chronological age of eggs most often is not correlated to the physiological age. The establishment of descriptive criteria that reßect the physiological phase can be important in developmental studies and for determining physiological age range of eggs in which scelionid egg parasitoids can successfully complete development. It is not the intent of this study to develop a detailed description of embryonic development that is related to color changes of the eggs. Instead, the objectives of this study were to observe any sequence of consistent color or color pattern changes in egg masses and to determine the time needed for development at seven constant temperatures.
Based on the previously established relationships between temperature and insect development, I hypothesize that development will be shorter as constant temperatures become higher, and based on the transparency of the chorion, I hypothesize that color or color pattern changes with be visible in egg masses of the rice stink bug.
Materials and Methods
The rice stink bug colony originated from adults captured from weed hosts at the Rice Research and Extension Center, University of Arkansas, near Stuttgart, AR. Between 50 and 75 adults (2:1 female:male ratio) were conÞned in each of two 19-liter plastic buckets, with the openings covered with nylon tulle and held in place with rubber bands. The culture was kept at a temperature of 26.7 Ϯ 3ЊC and a photoperiod of 12:12 (L:D) h, with lights on at 0700 hours (CDT). Routine maintenance consisted of transfer of adults to a clean bucket every week, and every 2 to 3 d the replacement of bouquets of a mixture of seed heads and leaves from available host plants. Host plants included barnyardgrass, Echinochloa crus-galli (L.) Beauv; broadleaf signalgrass, Urochloa platyphylla Nash; large crabgrass, Digitaria sanguinalis (L.) Scop.; dallisgrass, Paspalum dilatatum Poir; and rice, Oryza sativa L. Only egg masses found on the plants, bucket or nylon tulle at 1200 hours (CDT) the same day after fresh plants were put in the buckets at 0800 hours (CDT) were hand-collected and used for study. Collection of egg masses required removing the plants from a water container, shaking the plant bouquet to remove adults, examination of the plants for egg masses, return of bouquets into a container with fresh water, and return of the plants to the bucket.
The egg masses were allocated to one of seven petri dishes such that four or six egg masses with 15Ð20 eggs per mass were in each dish. A water-saturated cotton ball was added to each dish. Water was added to the cotton balls as needed during daily examination of egg masses. Dishes were randomly assigned to temperature controlled chambers (Calumet ScientiÞc Inc., Calumet, IL) set for 21. 1, 23.9, 26.7, 29.4, 32.2, 35 .0, and 37.8 Ϯ 1ЊC. Temperatures were monitored with calibrated thermometers. The photoperiod in each chamber was 14:10 (L:D) h, with lights on at 0700 hours (CDT). Egg masses were removed from the chambers brießy and examined at 0800 and 1800 hours each day until the nymphs hatched or at 0800, 1400, and 1800 hours for the three highest temperatures. During the examination, any change in the color or color pattern within the egg masses was recorded.
The study was arranged as a randomized complete block with three replications and blocked over time. The experiment was repeated three times between 10 June and 2 July 1987.
Means of developmental times were found to be positively correlated with the variances. Common logarithms were used to transform temperature data (Sokal and Rohlf 1981) before analysis of variance (ANOVA) (PROC GLM, SAS Institute 1999) and regression analysis (PROC REG, SAS Institute 1999). Transformed means are reported as geometric means. Mean developmental times between experiment repetitions were not signiÞcant (F ϭ 1.85; df ϭ 2; P Ͼ F ϭ 0.66), and the data were combined.
Results
Egg masses of rice stink bug progressed through a series of color or color pattern changes during embryo development. Fresh egg masses of the rice stink bug were uniform green (Fig. 1a) . The Þrst change in color pattern was the appearance of two parallel red lines beneath the operculum (Fig. 1b) . At this color phase, if the egg was dislodged from the attachment adhesive, the cephalic structures of the nymph were observed at the rounded base of the egg; the red lines were abdominal structures of the nymph at the top of the egg. The next color pattern change was because of the inversion of the embryo (Fig. 1c) . Once the head was beneath the operculum, the next visible color change was the deepening of the red color of cephalic structures (Fig. 1d) . Viewing the eggs from the outside edge (nontouching edge) of the eggs mass, a white "W" that was mentioned by Esselbaugh (1946) was easily observed (Fig. 1d) . As the nymphs neared hatch, a black-edged, T-shaped egg burster was observed at the outside edge of each egg.
The total time for rice stink bug eggs to hatch decreased as the temperature increased (Table 1) , except egg masses held at constant 37.8ЊC that did not hatch. The contents of these eggs Þrst changed to a brown-green color and then began to shrivel as if beginning to desiccate even though the cotton ball was kept saturated with water. Only three egg mass progressed to the red lines color phase before development ceased. Those egg masses could have easily been deposited 4 h before placement in the 37.8ЊC chamber, which could have allowed development to progress for a short time. Clearly a constant 37.8ЊC is at or above the upper thermal limit for rice stink bug eggs.
All viable egg masses of the rice stink bug progressed through similar color or color pattern changes regardless of the constant temperature. Whenever the length of time within a pattern was expressed as a percentage of the total developmental time, the hours within a pattern was not inßuenced by changes in temperature (Table 1) . However, development rates (days
Ϫ1
) within a pattern across the temperature range Þt a linear equation for each color pattern: red lines, r 2 ϭ 0.748; embryo inversion, r 2 ϭ 0.785; and red eggs until hatch, r 2 ϭ 0.939; all coefÞcients were signiÞcantly different from zero (P Ͻ 0.0001). Previous studies (Andrewartha and Birch 1954, Wagner et al. 1984) had found the relationship between temperature and development to be linear over the middle range of temperatures. Temperatures used in this study were within the linear range, because the developmental rate (days Ϫ1 ) of eggs Þt the linear equation rate ϭ Ϫ0.513 ϩ 0.00864 (Celsius), with an r 2 ϭ 0.965 (n ϭ 96), and both coefÞcients were signiÞcantly different from zero (P Ͻ 0.0001). c Numbers in parentheses are the percentage of the total developmental time for the hours within a color pattern.
As mentioned, the Þrst change in color pattern was the appearance of two red lines beneath the operculum (Fig. 1b) . At this color phase if the egg was dislodged from the attachment adhesive, the cephalic structures of the nymph were observed at the rounded base of the egg and the red lines were posterior portions of the nymph at the top of the egg. The red lines gradually become broader (Fig.  2a) . The broadening of the red lines identiÞed the beginning of the inversion of the embryo. The inversion was marked by the progress of the cephalic structures toward the operculum (Fig. 2cÐ e) . Once the inversion was complete, the ventral surface of nymphs showing segmentation and rudimentary legs were oriented to the inside of the egg mass. The cephalic structures gradually progressed to the outside edge of the operculum (Fig. 1d) , and the color of the nymphs gradually darkened to a deep red color. When nymphs were near hatch, a T-shaped egg burster with black edges was observed in eggs and oriented to the outside of the egg mass.
Discussion
The orientation of nymphs within the eggs was not random; it followed a pattern. The ventral surface of nymphs faced inward, or perpendicular to the adjacent row of eggs (Fig. 1c) . Most of the eggs in Figs. 1 and 2 were only a portion of an egg mass, and only one (Fig. 1c, right end) had an egg that was likely at the end of an egg mass. The orientation of that nymph angles toward where the egg touches the opposing egg. This orientation of embryos in the mass of the rice stink bug are similar to observations made by Lockwood and Story (1986) and Javahery (1994) for other species of pentatomids that lay egg masses consisting of two parallel rows of eggs. Lockwood and Story (1986) demonstrated that the placement of attachment adhesive chemically induces germ band formation on that side of the egg. This adaptation is referred to as extrinsically mediated embryonic orientation (Heming 2003) .
The results of this study demonstrate that rice stink bug eggs progress through more color or color pattern changes than described in earlier observations. Gar- man (1891) and Ingram (1927) described only the two colors, green for newly deposited eggs and a reddish tinge for eggs nearing hatch. Intermediate color patterns were observed that seemed to be a result of normal embryo development. By viewing eggs from the top (operculum), the two red parallel lines in the green background color indicate rapid changes about to occur. Thus begins blastokinesis (Wheeler 1893) and an inversion of the embryo (katatrepsis) that brings the head to the top of the egg, which commonly occurs in Hemiptera (Anderson 1972) . Once there, cephalic structures transform the initial green color to a pattern of red (eyes) and white (vertex) ("W" of Esselbaugh [1946] ). The progression of color pattern changes in the rice stink bug start before katatrepsis, unlike the color changes in the Pentatomoidea described by Javahery (1994) that had the Þrst signs of embryonic development occurring after katatrepsis.
